Background: Women are underrepresented as applicants to and trainees of orthopaedic surgery residencies. Factors
Background: Women are underrepresented as applicants to and trainees of orthopaedic surgery residencies. Factors that attract women to or deter them from orthopaedic surgery have been previously published; however, there has been no analysis of the programs that train high percentages of female residents and the factors that differentiate them from programs that have low percentages of women. The purpose of this study was to identify and compare these factors between programs with high and low percentages of female residents.
Methods: Information on each orthopaedic surgery residency program listed in the American Medical Association (AMA) Fellowship and Residency Electronic Interactive Database (FREIDA) was collected utilizing residency program web sites, an online survey distributed to residency program coordinators, and a follow-up telephone survey. These included data on resident and faculty demographic characteristics and residency program curriculum structure. The prevalence of factors in programs with the highest percentages of female residents was compared with those with lower percentages.
Results: Data were obtained from 143 (97.3%) of 147 programs, with 3,406 residents identified. Only 485 residents (14.2%) were female. Programs with more female residents had more female faculty members per program (p = 0.001), a higher percentage of faculty who were female (p < 0.001), more female associate professors (p < 0.001), more women in leadership positions (p < 0.001), and a higher prevalence of women's sports medicine programs (p = 0.03); were more commonly listed in the Top 40 for National Institutes of Health (NIH) funding (p = 0.03) and U.S. News & World Report rankings (p = 0.02); and were more likely to offer a research year (p = 0.045).
Conclusions: There are greater percentages of female residents at orthopaedic residency programs with more female faculty members, more women in leadership positions, a women's sports medicine program, and the option to do a research year. Departmental and national leaders may consider these factors when efforts are undertaken to enhance the recruitment of female applicants and improve female interest in orthopaedic surgery as a specialty.
There is a well-documented disparity of women applying for and training in orthopaedic residencies. This disparity ensues even though women comprise approximately 50% of medical school matriculates 1 . Previous studies have discussed factors that motivate women to pursue a career in orthopaedic surgery or deter them from doing so [2] [3] [4] . However, the data regarding the distribution of women among orthopaedic residency programs in the United States are limited 5, 6 .
Residency programs select applicants on the basis of performance during orthopaedic rotations, class rank, United States Medical Licensing Examination (USMLE) Step 1 and 2 scores, interview performance, and letters of recommendation 7 , and applicants generally rank residency programs on the basis of a variety of factors including academic reputation, lifestyle, and geography [8] [9] [10] . It has been shown that female applicants weigh their personal interactions on interview days and a program's proximity to family and friends more heavily when determining their rank list, while eliminating programs based on their perceived sex biases more readily than their male counterparts 9 . Although these issues have been explored, the factors that draw women to certain orthopaedic residency programs have yet to be fully understood 8, 9 .
Van Heest et al. demonstrated that only a small proportion of orthopaedic residencies train most of the female residents and that a majority of orthopaedic residency programs have percentages of female trainees well below the national average of 14% 5, 6 . The purpose of this study was to determine what factors are present in the programs that have the highest percentage of female residents and to compare the prevalence of these factors in the programs with lower percentages of women. The identification of these factors may allow for targeted recruitment efforts for women and the expansion of a diverse resident pool.
Materials and Methods
This study met exemption criteria as determined by our hospital's institutional review board. The American Medical Association (AMA) Fellowship and Residency Electronic Interactive Database (FREIDA) was used to identify all allopathic orthopaedic surgery residency programs during the 2016 to 2017 academic year. To ensure comprehensive data collection, information on each program was collected using a 3-tiered approach: searching residency program web sites, reviewing online surveys distributed to residency program coordinators at all identified programs, and following up with telephone surveys of program coordinators who had not returned the online survey after a total of 3 reminders. All data compiled from program web sites were cross-referenced with data obtained from the e-mail or telephone surveys, and, if conflicts were noted, it was assumed that the information from program coordinators would be more current and accurate and, thus, that information was used in the analysis.
Data collected from the residency program web sites consisted of resident and faculty demographic characteristics and program curriculum structure. Resident and faculty demographic data included the total number of residents and faculty members as well as the female complement of each, the number of full female professors, the number of female associate professors, the number of women in leadership positions (section chief, residency program director, fellowship program director), and the presence of a female chairperson. Program curriculum data included the existence of a mandatory or optional research year, establishment of a women's sports medicine program, description of a formal maternity leave policy and whether the leave was paid, and the affiliation of the residency with a university. A women's sports medicine program is a formal facility or organization that is dedicated to the multidisciplinary treatment of active women and is typically associated with a department of orthopaedic surgery. The online and telephone surveys distributed to residency program coordinators included 17 questions about the program recapitulating and confirming the information found online. Finally, publicly available information was used to determine if programs were affiliated with one of the top-40 National Institutes of Health (NIH)-funded medical school-based orthopaedic residency programs 11 or were affiliated with a top-40 orthopaedic hospital in the 2016 to 2017 U.S. News & World Report rankings 12 .
The information obtained highlights 9 factors (Table I ) that have been referenced as possibly impacting female medical student interest in orthopaedic surgery 3, 5, [13] [14] [15] [16] [17] . The number of factors present in each program was totaled.
Programs were then stratified on the basis of their percentage of female residents. The total number of women within a program, including those in a research year, were included and programs were plotted on a box plot ( Fig. 1 ). Quartiles of programs based on the percentage of female residents were determined, and to highlight programs that have the highest percentages of female residents, the programs in the top (fourth) quartile were selected. Data were then compared between the top quartile and the other (combined first through third) quartiles.
Continuous data were analyzed with independent t tests, and categorical data were analyzed with 2 · 2 contingency tables and Fisher exact tests. For all statistical tests, significance was set at p < 0.05.
Results
Data were obtained from 97.3% (143 of 147) allopathic, nonmilitary, orthopaedic surgery residency programs within the United States. The 4 excluded programs had no usable information on their web sites and coordinators did not return multiple phone calls or respond to the e-mail survey.
A total of 485 female residents (14.2%) were identified in a pool of 3,406 orthopaedic residents. The percentage of female residents in each program was calculated and the results are summarized in Figure 1 . Fourteen programs (9.8%) had no female residents. The top quartile of programs had a ‡20% complement of female residents and no program had >42.1% female residents. Almost all programs were affiliated with a teaching university, and there was no difference (p = 1.00) between the top quartile (93.3%) and the other quartiles (89.4%) in their proportion of university-affiliated programs.
The academic faculty affiliated with all residency programs totaled 4,261, with 1,140 (32.6 per program) in the top quartile and 3,121 (28.9 per program) in the other quartiles. There was no difference in the mean size of the faculty per program (p = 0.35). The mean complement of female faculty in programs within the top quartile was 12.7%, a proportion that was 59% higher than the 8.0% of women on staff in the other quartiles (p < 0.001). Each program in the top quartile had e79 (2) almost double the mean number of female faculty members (mean and standard deviation, 4.1 ± 2.8) compared with the other quartiles (2.3 ± 2.8) (p = 0.001). Although the difference in the mean number of female professors per program was no different between the top quartile and the other quartiles, the mean number of female associate professors in each program in the top quartile (2.9 ± 2.5) was almost twice that in the other quartiles (1.5 ± 1.6) (p < 0.001). In the top quartile, there was only 1 program (5.7%) that did not have a female attending physician, and 22 programs in the other quartiles (20.4%) had no female attending physician (p = 0.02).
Programs in the top quartile had nearly triple the mean number of women in leadership positions (0.94 ± 1.1) than those in the other quartiles (0.33 ± 0.64) (p < 0.001). Of the 143 programs analyzed, there was no female chairperson.
Women's sports medicine programs were found more commonly in the top quartile programs (21.4% compared with 6.5%; p = 0.03). Top quartile programs were more commonly ranked in the top-40 programs for NIH funding (42.9% compared with 23.1%; p = 0.03) and on U.S. News & World Report rankings (37.1% compared with 15.7%; p = 0.02). Furthermore, programs in the top quartile were more than twice as likely to Program-specific factors per program* 3.5 ± 1.8 2.5 ± 1.6 <0.001 † *The values are given as the mean number and the standard deviation. †Significant. ‡This category was identified as 1 of the 9 program-specific factors. 
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offer or have a separate track for a year of research as part of the residency training (31.4% compared with 14.8%; p = 0.045). There were no significant differences in the proportions of programs defining their policy on maternity leave either on their web site or internally (78.6% compared with 91.7%; p = 0.18) or offering paid leave time (91.7% compared with 78.3%; p = 0.43).
Overall, programs in the top quartile had a mean of 1 more of the 9 factors that have been identified as possibly impacting female medical student interest in orthopaedic surgery (3.5 ± 1.8 compared with 2.5 ± 1.6; p < 0.001).
Discussion
An increasing focus has been placed on the lack of diversity within orthopaedic surgery residencies and the specialty itself. The makeup of residents in orthopaedics has consistently been unbalanced, with women currently comprising only 14% of all orthopaedic residents, the lowest of any surgical specialty 5, 18 . Although several studies have postulated why the specialty itself is not attractive to many female medical students, citing reasons such as work hours and physical demands 15 , others have negated this rationale given that specialties with high percentages of women (e.g., obstetrics and gynecology 19 ) or those with increasing percentages of women (e.g., other surgical subspecialties and general surgery 5 ) similarly require long work hours and uncontrolled lifestyles 20 . Others claim that there is an inherent lack of early exposure of women to science, technology, engineering, and mathematics (STEM) fields and have partnered with programs such as the Perry Initiative to expose women to these fields as early as in middle school 3, 17 . Several studies have described the important role of early exposure in attracting applicants to orthopaedics 13, 21 and this is especially true for women 22, 23 , but little has been published about the specific factors of orthopaedic residency programs that may influence female enrollment. Some have even directly called for the identification of program-specific factors that attract women 6 . Our investigation was designed with the thought that an increase in female recruitment into orthopaedics can be facilitated by having a better understanding of the factors present in residency programs with higher percentages of women.
Why does sex diversity in the orthopaedic workforce matter? First, 51% of the patient population in the United States is women 24 . Also, women often have higher rates of orthopaedic surgical interventions than men, even with elective procedures being offered to and utilized by women at markedly lower rates 25 . These data suggest that women will make up a substantial component of surgeons' practices. In addition, patients often prefer to be treated by physicians of the same sex [26] [27] [28] , and we are ultimately doing a disservice to our patients by having an uneven distribution of male and female orthopaedic surgeons 4 . Increasing the number of women in orthopaedic training will help to prepare a culturally competent workforce 29 , as male trainees can learn to interact more effectively with female patients by training in a system with a variety of viewpoints and backgrounds. Aside from sexfocused patient care, poor recruitment efforts may result in the best and brightest medical students choosing not to apply to orthopaedics, which may slow the progress of orthopaedic surgery 15, 30 . The presence of female leadership and effective female mentors has been previously noted as impactful on the sex composition of orthopaedic residency programs. Hill et al. described how female orthopaedic residents had been positively influenced to become interested in orthopaedics because of mentors of the same sex or ethnicity more so than their male counterparts 2 . Despite the importance of having female mentors, O'Connor described their limited availability 3 , and Day et al. calculated that the field of orthopaedics has the lowest percentage of female faculty (13%) of any medical specialty and that only 3.8% of full professors are women 31 . Jagsi et al. attempted to determine a relationship between the presence of female chairpersons or female faculty in specific programs and the application of women to these programs, but they were unable to draw meaningful conclusions because of the limited number of female chairpersons and faculty 32 . Their data also suggested that female applicants were not necessarily matching into programs that already had higher numbers of women. In 2010, Nguyen et al. also attempted to find an association between the sex composition of faculty and residents, but with their limited survey, they were also unable to do so 33 . To our knowledge, the present study is the first to determine that there are greater proportions and numbers of female faculty, more female associate professors, and higher numbers of women in leadership positions at orthopaedic residency programs with greater proportions of female residents.
Many women perceive there to be sex biases in orthopaedics among faculty and male residents 4 . To dispel these perceptions, some advocate for the greater allocation of resources to residency programs to encourage female medical students to apply 34 . One such method is by expanding the number of residents to allow for accommodations such as maternity leave 34 . We were unable to find a difference in the presence of maternity leave policies between programs with high percentages of female residents and other residency programs. However, there is profound variability in the presence of and the types of policies within orthopaedic residencies for maternity leave 35 , so a true relationship between the number of female residents and the presence of a maternity leave policy may be difficult to interpret.
Having residency programs demonstrate that they are dedicating resources to the orthopaedic care of female patients may be critical in adjusting the perception of the specialty. Female medical students readily eliminate programs from their rank lists based on perceived sex biases 9 , so programmatic efforts such as the development of a women's sports medicine program can go a long way to demonstrating advocacy for women and eliminating bias. Only 10% of residencies have affiliations with such programs, but a greater percentage of programs with high percentages of women have these established relationships. It is unknown how much the presence of a women's sports medicine program is promoted during interviews and on program web sites, but we utilized their e79(4) 6, 2018 presence as a surrogate for residency programs that have publicly dedicated efforts to the orthopaedic care of women. Perhaps increased public exposure of these unique programs can attract female applicants already interested in orthopaedics and change the perception of orthopaedic residencies by promoting that orthopaedic surgeons are dedicated to the egalitarian treatment of all patients. This study had several limitations. There are likely many more applicant and program-related factors than are detailed in this report that have associations with the prevalence of female residents in specific orthopaedic surgery training programs. For example, the experiences of female applicants on interview days have been shown to influence their willingness to rank a program. Women are less likely to rank programs when they are asked biased interview questions on issues such as their marital status and family planning 36 . In addition, quality of life and lifestyle issues have been cited as possible reasons deterring many women from pursuing a career in orthopaedics 2 , although one would imagine that there may be differences in the quality of life of residents at different programs. Furthermore, the geographic preferences of an applicant or the proximity to a spouse may play a role in attracting women to specific programs. Our study was not able to account for these possibilities. We also understand the potential for detection bias in the acquisition of the data from various sources. Finally, our study was cross-sectional in that we only included residents currently in training. Meaningful fluctuations in percentages of female residents may be possible at programs from year to year as resident class sizes are small and therefore small changes are magnified. However, the percentage of female orthopaedic residents has not drastically changed in recent years 5 and the majority of the programs that have previously been defined as having more female residents 6 are the same as those highlighted in more recent studies 5 and our study. Despite these limitations, our study design is validated by the thorough inclusion of all residents at almost every orthopaedic residency program in the United States. Other recent investigations into this topic showed similar percentages of female orthopaedic residents to our current study (14.8% compared with 14.2%) 18 . Coincidentally, the threshold for programs having percentages of female residents "above the national average" in the studies by Van Heest et al. 5, 6 was identical to the lower limit of our top quartile (20%), and despite our threshold representing the mean female complement of the 5 years of residency classes currently in training, about 75% of the residency programs were the same in our top quartile as in those studies.
The identification of factors present in orthopaedic residency programs with high percentages of women may allow for other residencies to model themselves after such programs to increase the diversity of their training program. However, some factors may be more easily correctable than others. For instance, it likely requires fewer resources and less time to hire a female faculty member than to increase research funding from the NIH. Efforts by a program to improve the diversity of their trainees must stem from the department chair. Chairpersons who outwardly recognize the sex disparity and heighten the "level of consciousness of the faculty" can effect an increase in the number of women who are selected for interviews and subsequently match into their program 37 . In summary, the purpose of this study was to determine what factors are present in orthopaedic residency programs that have the highest percentage of female residents and to compare these factors with the programs with lower percentages of female residents. The programs with the most female residents (i.e., top quartile) were found to have greater numbers and percentages of female faculty and women in leadership positions, suggesting greater availability of same-sex mentors for female applicants. In addition, programs in the top quartile had greater percentages of residencies with women's sports medicine programs, perhaps demonstrating an increased focus on female patients and a reduced bias toward women within the training program itself. Finally, a greater proportion of programs in the top quartile had dedicated research years, top-40 NIH funding, and top-40 U.S. News & World Report rankings, which may indicate greater focuses on academic productivity. These findings highlight specific factors on which residency programs can improve to enhance their recruitment of female applicants, and these data can potentially be extrapolated to a national level to improve interest in orthopaedics as a specialty. n 
